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(54) Method of manufacturing low resistivity p-type compound semiconductor material 



(57) The present invention provides a method of 
manufacturing a low resistivity p-type compound semi- 
conductor material over a substrate. The method of the 
present invention comprises the steps of forming a p- 
type impurity doped compound semiconductor layer on 
the substrate by either HVPE : OMVPE or MBE and ap- 



plying a microwave treatment over the p-type impurity 
doped compound semiconductor layer for a period of 
time. The high resistivity p-type impurity doped com- 
pound semiconductor layer is converted into a low re- 
sistivity p-type compound semiconductor material ac- 
cording to the present invention. 
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D scription 

BACKGROUND OF THE INVENTION 

1 . Field of the invention 

[0001] The present invention relates to a method of 
manufacturing a compound semiconductor material, 
and more particularly., to a method of manufacturing a 
low resistivity p-type compound semiconductor materi- 
al. 

2. Description of the prior art 

[0002] Most of the semiconductor devices such as 
light emitting diode : laser diode, photodetector, and 
transitior normally need some layers doped with n-type 
dopants and some layers doped with p-type dopants. 
However, some Ill-Vand ll-VI compound semiconductor 
materials are difficult to dope the p-type impurity in high 
carrier concentration, or even cant achieve p-type con- 
ductivity. For example, p-type InP, AIGalnPand AIGalnN 
lll-V compound semiconductor materials and ZeSSe ll- 
VI compound semiconductor materials are some typical 
examples that are either difficult to achieve high p-type 
conductivity or even impossible to get the p-type con- 
ductivity. One of the major reasons why it is difficult to 
achieve high carrier concentration in these p-type dop- 
ing materials is attributed to the unintentional hydrogen 
incorporation and resulting acceptor passivation which 
occurs during the epitaxial growth or after the cool-down 
process of growth. ^ 
[0003] The influence of the cooling ambiance on the 
passivation of Zn acceptors in InP grown by atmospher- 
ic-pressure OM VPE was first studied by Antell et al. [Ap- 
pl. Phys. Lett., 53 : (1 988), 758] and Cole et al. [Electron. 
Lett., 24, (1988), 929]. They found that the p-type InP 
layer capped with a p-type InGaAs and cooled down in 
an AsH 3 ambiance, the hole carrier concentration could 
be significantly reduced by about 80% compared to a 
Zn-doped InP layer with a n-type cap layer. The hole 
carrier concentration can be recovered to the expected 
value simply by annealing in nitrogen atmosphere. 
[0004] The hydrogen passivation is even more seri- 
ous in a p-type AIGalnP material, especially in a high 
aluminum content AIGalnP material. Hamada et al. 
[IEEE J. Quantum Electron. 27, (1991 ), 1483] found that 
the degree of passivation increased with aluminum 
composition. An increase in hole carrier concentration 
after annealing at 500 degree centigrade was observed 
and proved by a decrease in hydrogen content using 
SIMS analysis. 

[0005] The hydrogen passivation effect is the most 
serious issue in AIGalnN materials. It causes the AI- 
GalnN materials fail d to achieve p-typ conductivity. 
Akasaki et al. [Japanese J. Appl. Phys. 28, (1989), 
L21 1 2] us d low energy electron b am irradiation (LEE- 
Bl) to convert the compensated Mg-doped GaN into 



conductive p-type material. However with acceleration 
voltage of 5kV-15kV, an electron beam can only reach 
a depth of about 0.5ujtl In device design, normally a p- 
type GaN material with a thickness of more than 0.5u.m 

5 is necessary. Therefore, LEEBI is not an effective way 
to convert the thick high resistivity Mg-doped GaN ma- 
terial into p-type conducting material. Besides, the con- 
version of the p-type GaN material is achieved by scan- 
ning the electron beam across the whole wafer. This 

10 electron beam scanning method is a quite slow process. 
It is very difficult to be adapted into the mass production 
process by the electron beam scanning method. 
[0006] In US patent No. 5,306,662, Nakamura et al. 
disclosed a method for reducing the resistivity of the p- 

*5 type GaN by an annealing process in a nitrogen atmos- 
phere over 400 degree centigrade approximately. But to 
be more effective, the annealing process should be car- 
ried out in the temperature range of 600-1200 degree 
centigrade. Therefore, it is not suitable for lll-V com- 

20 pound semiconductor materials that have high dissoci- 
ation pressure at low temperature without a protective 
cap layer. 

SUMMARY OF THE INVENTION 

25 

[0007] It is therefore a primary objection of the present 
invention to provide a method of manufacturing a low 
resistivity p-type compound semiconductor material to 
solve the above mentioned problem. 
30 [0008] According to the first aspect of the present in- 
vention, there is provided a method of manufacturing a 
low resistivity p-type compound semiconductor material 
over a substrate. The method of the present invention 
comprises the steps of: 

35 

forming a p-type impurity doped lll-V compound 
semiconductor layer on the substrate; and 
applying a microwave treatment over the p-type im- 
purity doped lil-V compound semiconductor layer. 

40 

[0009] According to the second aspect of the present 
invention, there is provided a method of manufacturing 
a low resistivity p-type compound semiconductor mate- 
rial over a substrate. The method of the present inven- 
ts tion comprises the steps of: 

forming a p-type impurity doped ll-VI compound 
semiconductor layer on the substrate; and 
applying a microwave treatment over the p-type im- 
50 purity doped ll-VI compound semiconductor layer. 

[0010] According to the third aspect of the present in- 
vention, there is provided a method of manufacturing a 
light mitting diode. The light emitting diod comprises 
55 a substrate, a n-type lower cladding formed on the sub- 
strate, and an active layer formed on the n-type lower 
cladding layer. The method of the present invention 
comprises the steps of: 
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forming an p-type impurity doped upper cladding 
layer on the active layer; and 
applying a microwave treatment over the p-type im- 
purity doped upper cladding layer. 

5 

[0011] According to the fourth aspect of the present 
invention, there is provided a method of manufacturing 
a light emitting diode. The light emitting diode comprises 
a substrate. The method of the present invention com- 
prises the steps of: 10 

forming an p-type impurity doped lower cladding 
layer on the substrate; 

applying a microwave treatment over the p-type im- 
purity doped lower cladding layer; is 
forming an active layer on the p-type impurity doped 
lower cladding layer; and 
forming a n- type upper layer on the active layer. 

[0012] The present invention provides a simple and 20 
effective way to convert the high resistivity p-type impu- 
rity doped lll-V or ll-VI compound semiconductor mate- 
rials into conductive p-type materials. According to the 
present invention, the p-type impurity doped lll-V or ll- 
VI compound semiconductor materials are grown by ei- 25 
ther hydride vapor phase epitaxy (HVPE), organometal- 
lic vapor phase epitaxy (OMVPE), or molecular beam 
epitaxy (MBE). The p-type impurity doped lll-V or ll-VI 
compound semiconductor materials normally have high 
resistivity due to hydrogen passivation effect. The high 30 
resistivity p-type impurity doped Ml-V or ll-VI compound 
semiconductor materials are then treated in a micro- 
wave apparatus for a period of time in order to convert 
them into high conductive p-type materials. 
[0013] These and other objectives of the present in- 35 
vention will no doubt become obvious to those of ordi- 
nary skill in the art after reading the following detailed 
description of the preferred embodiment which is illus- 
trated in the various figures and drawings. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] Fig. 1 is a schematic diagram of a test structure 
according to the present invention. 
[0015] Fig. 2(a) is a resistivity versus activate time di- 
agram of the Mg-doped GaN layer shown in Fig. 1 . 
[0016] Fig. 2 (b) is a carrier concentration versus ac- 
tivate time diagram of the Mg-doped GaN layer shown 
in Fig. 1 . 

[0017] Fig. 3 is a diagram showing the photolumines- so 
cence spectrum of the Mg doped GaN (a) without any 
treatment, (b) with the resistance furnace annealing, (c) 
with the microwave treatment. 

[0018] Fig. 4 is a schematic diagram of a light emitting 
diode according to the present invention. 55 
[0019] Fig. 5 is another schematic diagram of a light 
mitting diode according to the present invention. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0020] The present invention is to provide an easy and 
effective method of manufacturing a low resistivity p- 
type compound semiconductor material. According to 
the method of the present invention, first of all, a p-type 
impurity doped compound semiconductor layer is grown 
either directly or indirectly on a substrate by either 
HVPE, OMVPE or MBE. For lll-V compound semicon- 
ductor material, the p-type impurity doped compound 
semiconductor layer can be an Al x Ga y ln A . x ,yP (where 
Ori^o 1 * 0 cyD 1 " x ) |a y© r or an AIGalnN layer. The p-type 
dopant can be an element chosen from the group con- 
sisting of Zn, Cd, Be, Mg, Ca, and Ba. For ll-VI com- 
pound semiconductor material, the p-type impurity 
doped compound semiconductor layer can be a ZnSSe 
layer. The p-type dopant can be an element chosen from 
the group consisting of Li, Na t K, N, P, and O. Due to 
the hydrogen passivation effect, the p-type impurity 
doped compound semiconductor layer will have a lower 
hole carrier concentration or even very high resistivity. 
Secondly, the substrate is pre-heated to a temperature 
that is below 400 degree centigrade to prevent the p- 
type impurity doped compound semiconductor layer 
cracking. The purpose of maintaining the substrate at a 
temperature above room temperature and below 400 
degree centigrade is to pre-heat the substrate and to 
prevent the cracking of the substrate during the micro- 
wave treatment. Because the microwave treatment is a 
very tow temperature process, it can be applied not only 
for Al x Ga y ln^. x .yN (where O^qI, material but 

also for InP, AIGalnP and ZnSe materials which have 
high dissociation pressure at low temperature. The pre- 
heating of the substrate can be preformed by a resist- 
ance heating process or an infrared lamp heating proc- 
ess. Besides, in the present invention, the p-type impu- 
rity doped compound semiconductor material also can 
be pre-heated at a temperature above 400 degree cen- 
tigrade. Finally, the p-type impurity doped compound 
semiconductor layer is applied by a microwave treat- 
ment in a microwave apparatus which also has the re- 
sistance heating function. The p-type impurity doped 
compound semiconductor layer is then treated in a mi- 
crowave apparatus for a period of time and converted 
into a low resistivity p-type compound semiconductor 
material. 

[0021 ] The present invention will herein be described 
in detail with reference to the following embodiments 
and their accompanying drawing. 

Embodiment 1 

[0022] Please refer to Fig. 1 . Fig. 1 is a schematic di- 
agram of an as-grown sample 10 according to the 
present invention. An epitaxy-ready sapphire substrate 
12 is loaded into the OMVPE reactor chamber (not 
shown). The sapphire substrate 12 is preheated for 10 
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min at 1 150 degree c ntigrade. The temperature of the 
sapphire substrate 12 is then lowered to about 500-600 
degree centigrade. At a t mperatu re of 520 degre cen- 
tigrade, a 25nm thick GaN buffer layer 14 is grown on 
the sapphire substrate 12. The temperature is again 5 
raised to 1100 degree centigrade and a %m thick Mg- 
doped GaN layer 1 6 is grown on the buffer layer 1 4 with 
a growth rate about 2jim/hr. 

[0023] Fig. 2(a) is a resistivity versus activate time di- 
agram of the Mg-doped GaN layer 16 shown in Fig. 1. 10 
The as-grown sample 10 is then put into a microwave 
apparatus (not shown) which also has the resistance 
heating function. First, the as-grown sample 10 is pre- 
heated at a temperature about 60 degree centigrade to 
homogenize the temperature distribution across the is 
whole wafer 10. After that, a 2.45GHz microwave with 
output power of 560W is applied to the Mg-doped GaN 
layer 16 for 5 min to activate the p-type dopants. The 
corresponding resistivity of the Mg-doped GaN layer 16 
with microwave treatment is shown as the point A of the 20 
Fig. 2(a). For comparison, a Mg-doped GaN sample (not 
shown) with the same growth conditions is annealed at 
a temperature of 730 degree centigrade for 20 min and 
the corresponding resistivity of the furnace annealed 
Mg-doped GaN sample is shown as the point B of the 25 
Fig. 2 (a). The carrier concentration of the Mg-doped 
GaN layer 16 with microwave treatment is above 
1x1 0 17 /cm 3 by Hall measurement. The carrier concen- 
tration of the furnace annealed Mg-doped GaN sample 
is about 1 x 1 0 17 /cm 3 and nearly smaller than the carrier 30 
concentration of Mg-doped GaN layer 16 with the mi- 
crowave treatment, as comparing the point A and the 
point B shown in Fig. 2 (b). Furthermore, as shown in 
Fig. 2(a) and Fig. 2(b), around 30 seconds for the mi- 
crowave treatment upon the Mg-doped GaN layer 16 35 
can also show the good result of small resistivity and 
high carrier concentration. 

[0024] Please refer to Fig. 3. Fig. 3 is a diagram show- 
ing the photoluminescence spectrum of a Mg-doped 
GaN 1 6 (a) without any treatment (b) with the resistance 40 
furnace annealing, (c) with the microwave treatment. 
The Mg-doped GaN layer 16 with the microwave treat- 
ment and the Mg-doped GaN layer sample with resist- 
ance furnace annealing both shows a strong 4375 ang- 
strom blue peak compared with the as-grown sample *s 
without any treatment. From both Hall measurement 
and photoluminescence spectrum, it proves that the mi- 
crowave treatment is as effective as the resistance fur- 
nace annealing in converting the high resistivity material 
into the high conductive p-type material. so 

Embodiment 2 

[0025] Please refer to Fig. 4. Fig. 4 is a schematic di- 
agram of a light emitting diode 20 according to the 55 
present invention. The present invention is also to pro- 
vide a method of manufacturing a light emitting diode 
20 with a sapphire substrate 22. A GaN buffer layer 24 



is grown on the sapphire substrate 22. The sapphire 
substrate 22 is then heated to about 1130 degree cen- 
tigrade. A 4um n-type Si-doped GaN layer 26 is grown 
on the buffer layer 24. The sapphire substrate 22 is then 
cooled down to about 820 degree centigrade. An InGaN/ 
GaN multiple quantum well structure 28 is grown on the 
top of the n-type Si-doped GaN layer 26. Finally, a p- 
type Mg-doped GaN layer 30 is grown on the InGaN/ 
GaN multiple quantum well structure 28 to form the light 
emitting diode 20. The light emitting diode 20 is then put 
into a microwave apparatus (not shown) that also has 
the resistance heating function. The light emitting diode 
20 is pre-heated at a temperature of about 60 degree 
centigrade. AfterthaL a 2.45GHz microwave with output 
power of 560W is applied to the light emitting diode 20 
for 3 min to activate the p-type dopants. 
[0026] Besides, the light emitting diode 20 with the mi- 
crowave treatment is then processed into LED chips ac- 
cording to the following steps. 

(1) The surface of the p-type GaN layer 30 is par- 
tially etched until the n-type GaN layer 26 is ex- 
posed. 

(2) A Ni/Au ohmic contact metal 32 is evaporated 
onto the p-type GaN layer 30 and aTi/A1 ohmiccon- 
tact metal 34 is deposited onto the n-type GaN layer 
26. 

(3) The metallized light emitting diode 20 is then 
scribed and broken into a square shape chip with a 
size of 350u,mx350|im. 

Finally, the LED chip fabricated as described above has 
a forward voltage about 3 .5 volt and this forward voltage 
value is similar to the LED chips made with the furnace 
annealing. 

Embodiment 3 

[0027] Please refer to Fig. 5. Fig. 5 is another sche- 
matic diagram of a lighf emitting diode 40 according to 
the present invention. The present invention is also to 
provide a method of manufacturing a light emitting diode 
40 with a sapphire substrate 42. A GaN buffer layer 44 
is grown on the sapphire substrate 42. The sapphire 
substrate 42 is then heated to about 1120 degree cen- 
tigrade. A 4|im p-type Mg-doped GaN layer 50 Is grown 
on the buffer layer 44. The p-type Mg-doped GaN layer 
50 is then put into a microwave apparatus (not shown) 
that also has the resistance heating function. The sap- 
phire substrate 42 is pre-heated at a temperature of 
about 60 degree centigrade. After that, a 2.45GHz mi- 
crowave with output power of 560W is applied to the p- 
type Mg-doped GaN layer 50 for 3 min to activate the p- 
type dopants. And then, the sapphire substrate 42 is 
then cooled down to about 820 degree c ntigrade. An 
INGaN/GaN multiple quantum well structure 48 is grown 
on the top of the p-typ Mg-doped GaN layer 50. Th 
sapphire substrate 42 is then heated to about 1130 de- 



4 



5DCCID: <EP 1130659A1 J_> 



7 

gree centigrade. A n-type Si-doped GaN layer 46 is 
grown on the InGaN/GaN multiple quantum well struc- 
ture 48 to form the light emitting diode 40. 
[0028] Besides, the light emitting diode 40 with the mi- 
crowave treatment is then processed into LED chips ac- 
cording to the following steps. 

(1) The surface of the n-type GaN layer 46 is par- 
tially etched until the p-type GaN layer 50 is ex- 
posed. 

(2) A Ni/Au ohmic contact metal 52 is evaporated 
onto the p-type GaN layer 50 and a Ti/AI ohmic con- 
tact metal 54 is deposited onto the n-type GaN layer 
46. 

(3) The metallized light emitting diode 40 is then 
scribed and broken into a square shape chip with a 
size of 350pjnx350um. 

Finally, the LED chip fabricated as described above has 
a forward voltage about 3.5 volt and this forward voltage 
value is similar to the LED chips made with the furnace 
annealing. 

Embodiment 4 

[0029] The present invention is also to provide a 
method of manufacturing a light emitting diode 40 with 
a sapphire substrate 42. A GaN buffer layer 44 is grown 
on the sapphire substrate 42. The sapphire substrate 
42 is then heated to about 1120 degree centigrade. A 
4|im p-type Mg-doped GaN layer 50 is grown on the 
buffer layer 44. And then, the sapphire substrate 42 is 
then cooled down to about 820 degree centigrade. An 
INGaN/GaN multiple quantum well structure 48 is grown 
on the top of the p-type Mg-doped GaN layer 50. The 
sapphire substrate 42 is then heated to about 1130 de- 
gree centigrade. A n-type Si-doped GaN layer 46 is 
grown on the InGaN/GaN multiple quantum well struc- 
ture 48 to form the light emitting diode 40. The p-type 
Mg-doped GaN layer 50 is then put into a microwave 
apparatus (not shown) that also has the resistance heat- 
ing function. The sapphire substrate 42 is pre-heated at 
a temperature of about 60 degree centigrade. After that, 
a 2.45GHz microwave with output power of 560W is ap- 
plied to the p-type Mg-doped GaN layer 50 for 3 min to 
activate the p-type dopants, 

[0030] Besides, the light emitting diode 40 with the mi- 
crowave treatment is then processed into LED chips ac- 
cording to the following steps. 

(1) The surface of the n-type GaN layer 46 is par- 
tially etched until the p-type GaN layer 50 is ex- 
posed. 

(2) A Ni/Au ohmic contact metal 52 is evaporated 
onto the p-type GaN layer 50 and a Ti/AI ohmic con- 
tact metal 54 is deposited onto the n-type GaN layer 
46. 

(3) The metallized light emitting diode 40 is then 



8 

scribed and broken into a square shape chip with a 
size of 350ujrnx350u.m. 

Finally, the LED chip fabricated as described above 
has a forward voltage about 3.5 volt and this forward 
5 voltage value is similar to the LED chips made with 

the furnace annealing. 

[0031 ] With the example and explanations above, the 
features and spirits of the invention will be hopefully well 

10 described. Those skilled in the art will readily observe 
that numerous modifications and alterations of the de- 
vice may be made while retaining the teaching of the 
invention. Accordingly, the above disclosure should be 
construed as limited only by the metes and bounds of 

'5 the appended claims. 



Claims 

20 1. A method of manufacturing a low resistivity p-type 
compound semiconductor material over a sub- 
strate, the method comprising the steps of: 

(a) forming a p-type impurity doped compound 
25 semiconductor layer on the substrate; and 

(b) applying a microwave treatment over the p- 
type impurity doped compound semiconductor 
layer. 

30 2. The method of the claim 1 wherein the p-type im- 
purity doped compound semiconductor layer is an 
A/ x Ga y /n 1 . x . y P layer, and 0< x < 1 _ ^1 . x . 

3. The method of claim 1 wherein the p-type impurity 
35 doped compound semiconductor layer is an 

Al x Ga y ln^. x ^ layer, and 0^ 0 ^. x 

4. The method of claim 1 wherein the p-type impurity 
doped compound semiconductor layer is a ZnSSe 

40 layer. 

5. The method of claim 2 wherein the p-type impurity 
is at least one selected from the group consisting of 
Zn, Cd, Be.. Mg, Ca, and Ba. 

45 

6. The method of claim 3 wherein the p-type impurity 
is at least one selected from the group consisting of 
Zn, Cd, Be, Mg, Ca, and Ba. 

so 7. The method of claim 4 wherein the p-type impurity 
is at least one selected from the group consisting of 
Li, Na, K, N, P, and O. 

8. A method of manufacturing a light emitting diode, 
55 the light emitting diode comprising a substrate, a 
lower cladding layer of a first conductivity type 
formed on the substrat , and an active layer formed 
on the lower cladding layer, the method comprising 
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the steps of: 

(a) forming an upper cladding layer of a second 
conductivity type on the active layer; and 

(b) applying a microwav treatment over the 
upper cladding layer. 

9. The method of the claim 8 wherein the upper clad- 
ding layer is an A^Ga^n^.^yP layer, and 

^<x<1 , 0<y<1-x- 

10. The method of claim 8 wherein the upper cladding 
layer is an Al x Gayfn^. x ^N layer and 0^1 , 0< y <1_ x . 

11. The method of claim 8 wherein the upper cladding 
layer is a ZnSSe layer. 

12. The method of claim 9 wherein the upper cladding 
layer is doped by at least one selected from the 
group consisting of Zn, Cd ; Be, Mg, Ca, and Ba. 

13. The method of claim 1 0 wherein the upper cladding 
layer is doped by at least one selected from the 
group consisting of Zn, Cd, Be, Mg, Ca, and Ba. 

14. The method of claim 11 wherein the upper cladding 
layer is doped by at least one selected from the 
group consisting of Li, Na. K, N, P, and O. 

15. A method of manufacturing a light emitting diode, 
the light emitting diode comprising a substrate, the 
method comprising the steps of: 

(a) forming a lower cladding layer of a first con- 
ductivity type on the substrate; 

(b) applying a microwave treatment over the 
lower cladding layer; 

(c) forming an active layer on the lower cladding 
layer of the first conductivity type: and 

(d) forming an upper layer of a second conduc- 
tivity type on the active layer. 

. 16. A method of manufacturing a light emitting diode, 
the light emitting diode comprising a substrate, the 
method comprising the steps of: 

(a) forming a lower cladding layer of a first con- 
ductivity type on the substrate; 

(b) forming an active layer on the lowercladding 
layer of the first conductivity type; and 

(c) forming an upper layer of a second conduc- 
tivity type on the active layer; 

(d) applying a microwave treatment over the 
lower cladding layer. 

1 7. Th method of the claim 1 5 or 1 6 wherein the lower 
cladding layer is an Al x Ga y ln^^ xy P layer, and 0^1 , 
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18. The method of claim 15 or 16 wher in the lower 
cladding layer is an At x Gayln^. x .yN layer, and 

5 19. The method of claim 15 or 16 wherein the lower 
cladding layer is a ZnSSe layer. 

20. The method of claim 1 7 wherein the lower cladding 
layer is doped by at least one selected from the 

*o group consisting of Zn, Cd, Be, Mg, Ca, and Ba. 

21 . The method of claim 1 8 wherein the lower cladding 
layer is doped by at least one selected from the 
group consisting of Zn, Cd, Be, Mg, Ca, and Ba. 

15 

22. The method of claim 1 9 wherein the lower cladding 
layer is doped by at least one selected from the 
group consisting of Li, Na, K, N, P, and O. 

20 23. The method of claim 8 wherein the first conductivity 
type is a n-type, and the second conductivity type 
is a p-type. 

24. The method of claim 1 5 or 1 6 wherein the first con- 
25 ductivity type is a p-type, and the second conduc- 
tivity type is a n-type. 

25. The method of one of the claims 1 , 23 or 24 wherein 
the method further comprises, between the step (a) 

30 and step (b), a step (e) of pre-heating the substrate 
at a predetermined range of temperature. 

26. The method of the claim 25 wherein the predeter- 
mined range of temperature is below 400 degree 

35 centigrade. 

27. The method of the claim 26 wherein the step (e) is 
performed by a resistance heating process. 

*o 28. The method of the claim 27 wherein the.step (e) is 
performed by an infrared lamp heating process. 

29. The method of one of the claims 1, 8, 15 or 16 
wherein the step (a) is performed by a hydride vapor 

45 phase epitaxy process. 

30. The method of one of the claims 1, 8, 15 or 16 
wherein the step (a) is performed by an organome- 
tallic vapor phase epitaxy process. 

so 

31. The method of one of the claims 1, 8, 15 or 16 
wherein the step (a) is performed by a molecular 
beam epitaxy process. 

55 32. The method of one of the claims 1, 8, 15 or 16 
wherein the substrate is an epitaxy- ready sapphire 
substrate. 
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33. The method of one of the claims 1, 8. 15 or 16 
wherein the step (b) is performed by a 2.45GHz mi- 
crowave with output power of 560W. 

34. The method of one of the claims 8, 15 or 16 wherein 5 
the active layer is a multiple quantum well structure. 
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Fig. 1 



DOCID:<EP 1130659A1 1 > 



EP 1 130 659 A1 




EP 1 130 659 A1 




1130659A1J_> 



10 



EP1 130 659 A1 




EP 1 130 659 A1 




OOCID: <EP 1130659A1J_> 



12 



EP 1 130 659 A1 



4 



European Potent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 00 10 4723 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document wfth indication, where appropriate, 
of relevant passages 



Retevarrt 
to claim 



CLASSIFICATION OF THE 
APPLICATION (JntXI.7) 



y 

D,Y 



PEARTON S J: "ION BEAM PROCESSING AND 
RAPID THERMAL ANNEALING OF INP AND RELATED 
COMPOUNDS" 

PROCEEDINGS OF THE INDIUM PHOSPHEDE AND 
RELATED MATERIALS CONFERENCE, US, NEW YORK, 
IEEE, 

vol. CONF. 2, 1990, pages 379-388, 
XP000170255 

* the whole document * 

US 5 306 662 A (NAKAMURA SHU0I ET AL) 
26 April 1994 (1994-04-26) 

* column 1-12 * 

US 4 303 455 A (SPLINTER MICHAEL R ET AL) 
1 December 1981 (1981-12-01) 

* column 1, line 52 - column 2, line 49 * 

GB 2 164 796 A (ITT IND LTD) 
26 March 1986 (1986-03-26) 

* abstract * 



H01L33/00 
H01L21/268 
H01L21/324 
H01L21/428 



2-34 
1-34 

1-34 

1-34 



TECHNICAL FIELDS 
SEARCHED <lnLCL7> 



H01L 



The present search report has been drawn up for all claims 



R&c»of search 

MUNICH 



D«Je cl oo m pto fl on ot the 

5 June 2000 



Wolff, G 



8 



E 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant II taken atone 

Y : particularly relevant If eomcrirted wtth another 

document of the same category 
A : technologica] background 
O : non-arrttten cflsctasure 
P : Intermediate document 



T ; theory or principle underlying *he Invention 
E ; earlier patent document, but published on, or 

after trie RBng dale 
D : document cited In the apptlcaflon 
L : document died for other reasons 

& : member of the some patent tern I] y, corresponding 
document 



DOCID: <EP 1130659A1_I_> 



14 



EP 1 130 659 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 00 10 4723 



This annex lists lhe patent family members relating to Ihe patent documents cited In the above-mentioned European search report. 
The members are as contained In the European Patent OrfleeEDP file on 

The European Patenl Office Is In no way liable for these particulars which are merely given for the purpose of Information 

05-06-2000 



Patent document 
cited In search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



US 5306662 



26-04-1994 



US 4303455 



GB 2164796 



01-12-1981 



26-03-1986 



JP 
JP 
JP 
OP 
DE 
DE 
EP 
US 

DE 
EP 
OP 

GB 
DE 
EP 
JP 
US 
US 



2540791 
5183189 
5198841 
5206520 
69227170 
69227170 
0541373 
5468678 



09-10- 
23-07- 
06-08- 
13-08- 
05-11- 
01-04- 
12-05- 
21-11- 



1996 
1993 
1993 
1993 
1998 
1999 
1993 
1995 



3171974 D 
0036157 A 
56144545 A 



2106709 A 
3275682 D 
0075439 A 
58061635 A 
4490183 
4683363 



A 
A 



03-10-1985 
23-09-1981 
10-11-1981 

13-04-1983 
16-04-1987 
30-03-1983 
12-04-1983 
25-12-1984 
28-07-1987 



§ For more details about this annex : see Official Journal of the European Patent Office, No. 1 2/82 



15 



1130659A1_I_> 



